12/22/2003 14:40 FAX 16174510097 



WSGL 



@|OdO 



Dear Customer: j^^ding provider 

our wholly owned ' ^ungs- «,oasurenver>t. 

WUSW. . „ u„K K.™a>o » " f 



Sincerely, 




Rich cook 
president 



' rmV^'ar.dv«le.»^i 49418 U.S.A, 




^ > tfi X-f^tic, Irvorporoled 2D00 

PAGE 30/70 * RCVD AT 12122/2003 2:37:05 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/3 * [)NIS:8729306 * CSID:16174510097 ' DURATION (inm-ss):20-26 




12/22/2003 14:40 FAX 16174510097 



WSGL 




Table of 
Contents 



Communicating Color 4 



Ways to Measure Color 5 

Attributes of Color 

Hue 6 

Chroma 6 

Lightness 7 

Scales fpr Measuring Color 

The Munsell Scale : 8 

CIE Color Systems 8 

Chromatidty Values 10 

Expressing Colors Numerically 

CIELAB (ra*b*) 11 

CIELCH (L*C*h') 11 

Color Differences, Notation and Tolerancing 

Delta CIELAB and CJELCH 13 

CIE Color Space Notation 14 

Visual Color and Toierancing 14 

CIELAB Tolerancing 14 

CIELCH Tolerancing 15 

CMC Tolerancing 15 

CIE94Tolerandng 17 

Visual Assessment vs, Instnjmental .17 

CVioosing the Right Tolerance 17 



Other Color Expressions 

White and Yellow Indices . 



18 



Applications 19 

Interfacing X-Rite Instruments 20 

Glossary 22 

Related internet Sites 26 

X-Rite Quality 27 



PAGE 3W0 ' RCVD AT 12122/2003 2:37:05 PM [Eastern standard Time] * SVR:USPT0-EFXRF-113 ' ^ 



12/22/2003 14:41 FAI 16174510097 



WSGL 



@I002 




Communicating 
Color 



How would you describe the color of this rose? 
Would you say it's yellow, sort of lemony yellow or 
maybe a bright canary yeJIow? 

Your perception and interpretation of color are hrghly 
subjective. Eye fatigue, age and other physiological 
factors can influence your color perception. 

But even without such physical consid- 
erations, each observer inter- 
prets oolor based on 
personal references. Each 
person also verbally defines 
an object's color differentiy. 

As a result, objectively commu- 
nicating a particular color to 
someone without some type of 
standard is difficult. There also 
must be a way to compare one 
color to the next with accuracy. 

The solution is a measuring instru- 
ment that explicitly Identifies a color. 
That is, an instrument that differenti- 
ates a color from all others and 
assigns it a numeric value. 
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Ways to 

Measure Color 



Today, the most commonly used instruments for 
measuring color are spectrophotometers. 

Spectro technology measures reflected or trans- 
mitted light at many points on the visual spec- 
trum, v\rhich results in a curve. Since each color 
sample's curve is as unique as a signature or fin- 
gerprint, the curve Is an excellent tool for identify- 
ing, specifying and matching color. 




A portable sphere spectrophotpmGter measures the 
color of textile samples and other materiaJs where the 
products appearance is critic^ for buyer sccept^bUHy. 



A spectrophotometer is 
essential in the color 
formulation of various 
products, including pJ&stics, 
paints, ink^, textiles and 
metafs. 



DENSITY (STATUS 

V i.eu 

C 1.59 
M 1.55 

Y 1.11 

OTT AREA. SOX TINT 

C 77% 
n 77% 




A spectrodensitometer measures the color bar on a 
press sheet to monitor color reproduction. A typical 
printout (left) shows the visual cyan, magenta and 
yellow values for density dot drea and other 
characteristics. ' 
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Attributes 
of Color 



Each color has its own distinct appearance, 
based on three elements; hue, chroma and value 
(lightness). By describing a color using these 
three attributes, you can accurately ident'rfy a par- 
ticular color and distinguish it from any other. 

Hue 

When asked to identify the color of an object, 
youMI most likely speak first of rts hue. Quite sim- 
pJy, hue is how we perceive an object's color — 
red, orange, green, blue, etc. 

The color wheel in Figure 1 shows the continuum 
of color from one hue to the next. As the wheel 
illustrates, if you were to mix blue and green 




Figure 1:Hu& 



paints, you woufd get blue-^reen. Add yellow lo 
green for yellow-green, anc^ so on. 

t 
1 

Chroma 

Chroma describes the vividhess or dullness of a 
color — in other words, hovi close the color is to 
either gray or the pure hue.iFor example, think of 
the appearance of a tomato and a radish. The red of 
the tomato is vivid, while th^ radish appears duller. 

Figure 2 shows how chroma changes as we 
move from center to the perimeter. Colors in the 
center are gray (dull) and become more saturated 
(vivid) as they move toward; the perimeter. 
Chroma also is known as saturation. 

j 

i 

i 



Less Chroma = More 




Figure 2: ChromaVdty 
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Lightness 

\ 

The luminous intensity of a color — i.e., Its | 
degree of lightness — is called its value. Colors ' 
can be classified as light or dark when comparing 

their value. i 

For example, when a tomato and a radish are 
placed side by side, the red of the tomato 
appears to be much lighter. In contrast, the radish 

has a darker red value. In Figure 3, the value, or : 
lightness, characteristic is represented on the j 
vertical axis. 

I 

i 

i 
) 



White \ White 

n i 
i 




Black - Black 

1 



Figure 3: Thre^imensional color system depicting lightness] 
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Scales for 
Measuring 

The Munseil Scale 

In 1905, artist Alben H. Munseil originated a color 
ordering system — or color scale — which is still 
used today. The Munseil System of Color 
Notation is significant from a historical perspec- 
tive because ifs based on human perception. 
Moreover, It was devised before instrumentation 
was available for measuring and specifying color 
The Munseil System assigns numerical values to 
the three properties of color: hue. value and chro- 
ma. Adjacent color samples represent equal inter- 
vals of visual perception. 




Rgure 4: Muns^if Coior Tree 



The model in Figure 4 depicts the Munseil Color 
Tree, which provides physical samples for judging 
visual color. Today's color systems rely on instm- 
menls that utilize mathematics to help us judge 
color. 

Three things are necessary to see color; 

• A light source (illuminant) 

• An object (sample) 

• An observer/processor 

We as humans see color because our eyes 
process the interaction of light hitting an object. 
What if we replace our eyes with an instrument — 
can it see and record the same color differences 
that our eyes detect? 



j 

Color I 

CIE Color Systems] 

The CIE, or Commission Internationale de 
rEclairage (translated as the International 
Commission on lllumination(), is the body respon- 
sible for international recommendations for pho- 
tometry and colorimetry. In h93l the CIE 
standardized color order syptems by specifying 
the light source (or illuminants), the observer and 
the methodology used to derive values for 
describing color. i 

The CIE Color Systems utnjze three coordinates 
to locate a color in a color space. These color 
spaces include: t 

• CIEXYZ j 

. CIE LVb* ! 

I 

. CIE L'C^h' 

To obtain these values, weimust understand how 
they are calculated. j 

As stated earlier, our eyes heed three things to 
see color: a light source, an object and an 
observer/processor The same must be true for 
instruments to see color, dolor measurement 
instruments receive color the same way our eyes 
do — by gathering and filtering the wavelengths 
of light reflected from an object. The instrument 
perceives the reflected Rgtit wavelengths as 
numeric values. These valijes are recorded as 
points across the visible spectrum and are called 
spectral data. Spectral datk is represented as a 
spectral curve. This curve is the color's fingerprint 
(Rgure 5). j 

Once we obtain a color's rteflectance cun/e, we 
can apply mathematics to bonvert the color into a 
color space. | 

To do this, we take the refjectance cun^e and mul- 
tiply the data by a CIE standard illuminant The 
illuminant is a graphical rejpresentation of the light 
source under which the samples are viewed. 
Each light source has a power distribution that 
affects how we see color. Examples of different 
iliuminants are A — incantkescent, D65 — day- 
light (Rgure 6) and F2 — jfiuoresceni. 
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• A spectrophotometer 
measures spectra! data - 
the amount of fight energy 
reflected from an object &t 
s&veraJ mtervafs along the 
visit)te spectrum. The 
spectrai data is shown a$ a 
spectral curve. 



ISO 
^ 100 

CO 

DC 60 

s, - 

20 





4O0 



Wavelength (nm) 
Hgure 5: Spectral curve from a measured sample 




400 500 ! 600 

Wavelength (nm) 
Figure 6: Daylight (Standard flluminant 065/10') 
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360 430 480 530 580 B30 680 730 780 

Wavelength (nm) 
Figure 7: CIE s° and Standard Observers 
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Spectral Curve 



D65 llluminant 



Standard Observer 



! X = 62.04 
i Y = 69.72 
i Z ^ 7.34 



1 

iTristlmijIus Values 



Figure d: Tristimulus values 



We rriultipiy the result of this calculation by the 
CIE standard observer. The CIE commissioned 
work in 1931 and 1964 to derive the concept of a 
standard observer, which is based on the aver- 
age human response to waveiengths of light 
(Rgure 7). 



In short, the standard observjer represents how 
an average person sees color across the visible 
spectrum. Once these values are calculated, we 
convert the data into the tristimulus values of XYZ 
(Rgure 8). These values canj now identify a color 
numerically. i 



i 9 

PAGE 37/70 * RCVD AT 12/22/2003 2:37:05 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/3 ' DNIS:8729306 * CSID:16174510097 * DURATION (m[n-ss):20-26 



12/22/2003 14:42 FAl 16174510097 WSGL . 8)038 



520 




480 • 



470 • 
450 • 

450 ' 



'400 -330 



Figure 9: CiE 1$31 (x, y) chromatfcHy diagram 



Chromaticity Values 

Tristimulus values, unfortunately, have limited use 
as color specifications because they correlate 
poorly with visual attributes. While Y relates to 
value (lightness), X and Z do not correlate to hue 
and chroma. 

As a result when the 1931 CIE standard observ- 
er was established, the commission recommend- 
ed using the chromaticity coordinates xyz. These 
coordinates are used to form the chromaticity dia- 
gram in Figure 9. The notation Yxy specifies col- 
ors by identifying value (Y) and the color as 
viewed in the chromaticity diagram (x,y). 

As Figure 10 shows, hue is represented at all 
points around the perimeter of the chromaticity 
diagram. Chroma, or saturation, is represented by 
a movement from the central white (neutral) area 
out toward the diagram's perimeter, where 100% 
saturation equals pure hue. , 




FigurA 10: Chromaticity disgram 
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Expressing Colors 
Numerically 



To overcome the limitations of chromaticrty dia- 
grams like Yxy» the CIE recommended two alter- 
nate, uniform color scales: CIE 1976 (L*a*b*) or 
CIELAB, and CIELCH {L*C'Ii=), 

These color scales are based on the opponent- 
colors theory of color vision, which says that two 
colors cannot be both green and red at the 
same time, nor blue and yellow at the same 
time. As a result, single values can be used to 
describe the red/green and the yellow/blue 
attributes. 

CIELAB (L*a*b*) 

When a color is expressed in CIELAB, L* defines 
lightness, a* denotes the red/green value and b* 
the yellow/blue value. 

Figures 11 and 12 show the color-plotting dia- 
grams for L*a*b*. The a* axis runs from left to 
right A color measurement movement in the +a 
direction depicts a shift toward red. Along the b* 
axis, +b movement represents a shift toward yel- 
low. The center L* axis shows L 0 (black or total 
absorption) at the bottom. At the center of this 
plane is neutral or gray. 

To demonstrate how the L*a*b* values represent 
the specific colors of Rowers A and B, we've plot- 
ted their values on the CIELAB Color Chart in 
Figure 11. 

The a* and b* values for Flowers A and B inter- 
sect at color spaces identified respectively as 
points A and B (see Figure 11). These points 
specify each flower's hue (color) and chroma 
(vividness/dullness). When their L* values 
(degree of lightness) are added in Figure 12, the 
final color of each flower is obtained. 

CIELCH (L*C*h*) 

While CIELAB uses Cartesian coordinates to cal- 
culate a color in a color space. CIELCH uses 
polar coordinates. This color expression can be 
derived from CIELAB, The L* defines lightness. 
C* specifies chroma and h"* denotes hue angle, 
an angular measurement. 




[Vr. -■^^■. ■/A 



Rower A: 52,99 a* -^8.82 = 54.53 




newer B: L' = 29.00 a* = 5^48 b'^ 22,23 



The L*C*h* expression offers an advantage over 
CIELAB in that it's very easy to relate to the earli- 
er systems based on physical samples, like the 
Munsell Color Scale. ' 



11 
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f^wre 7 CIELAB cofor chart 

L*= 116<YA'n)^^-l6 

a* 500 [(X/X„)"' - (Y/Yn)^''] 

b" = 200 [(Y/Y„p''-(Z/Z,)»T 

L*=116(YA^^)^'^-16 
C* = (a^ + b^)^'^ 
h° = arctan (b*/a*) 

X„, Yn, are values for a reference white for the 
illumination/observer used. 



60 



0" 

Red 
+a* 




Figure 12: The L" vafue is represented on the center 
axis. The a"" and 6* axes ar an the horizontal 
plane. : 
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4\ Color Differences, 
< / \ Notation and Tolerancing 



Delta CIELAB and CIELCH 

Assessment of color is more than a numeric 
expression. Usually it's an assessment of the 
color difference (delta) from a knowri standard, 
CIELAB and CIELCH are used to compare the 
colors of two objects. The expressions for these 
color differences are AL* Aa* Ab* or DL* Da* Db*, 
and AL* AC* AH' or DL* DC* DH* 

(A or D symbolizes "delta," which indicates differ- 
ence). 

Given AL^ Aa* Ab*, the total difference or distance 
on the CIELAB diagram can be stated as a single 
value, known as aE". 

aE*^ = ((AL=) + (Aa^) + (Ab=)]^'=^ 

Let's compare the color of Flower A to Flower C, 
pictured below. Separately, each would be classi- 
fied as a yellow rose. But what is their relationship 
when set side by side? How do the colors differ? 

Using the equation for AL* Aa* Ab*, the color 
difference between Flower A and Flower C can 



*#£-..Lt..v:.;;:. 



FhwerAiL* 



t52.99 &^=BM2 b''=54.53 



be expressed as: 

AL* = +11.10 Aa*' 



-^.10 Ab* a -5.25 



The total color difference ca'n be expressed as 

AE*a13.71 : 

I 

The values for Flowers A artd C are shown at the 
bottom of this page. On the -a* axis, a reading of 
-6.10 indicates greener or less red. On the b* axis, 
a rekding of -5.25 Indicates bluer or less yellow. On 
the L' plane, the measuremejnt difference of +11 .10 
shows that Flower C is lighter than Flower A. 

If the same two flowers werfe compared using 
CIELCH. the color differences would be 
expressed as: | 

AL^ = +11.10 AC* = -b.ae AH* = 5.49 

Referring again to the flowers shown below, the 
AC* value of -5.88 indicates that Flower C is less 
chromatic, or less saturated!. The AH* value of 
5,49 Indicates that Flower q is greener in hue 
than Flower A. The L* and AL* values are identi- 
cal for CJELCH and CIELAB. 




Flower C: L*^64.09 a'=2,72 b'':=49.2a 



Color difference of Flower C to A 

AL* = +11,10, Aa*^-6.10. Ab* ^ -5.25 
AE%b = [(+ 11.1)' + (-6.1)^ + (-5,25)^r 
AE*^= 13.71 
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CIE Color Space N tation 

AL* = difference in lightness/darkness value 
+ = lighter — = darker 

Aa* = difference on red/green axis 

+ « redder — = greener 

Ab* =» difference on yellow/blue axis 
+ = yeilower — = bluer 

AC* = difference in chroma 

+ = brighter — « duller 

AH* = difference in hue 

aE* = total color difference value 

Refer to Rgure 11 on page 12. 

Visual Color and Tolerancing 

Poor color memory, eye fatigue, color blindness 
and viewing conditions can all affect the human 
eye's ability to distinguish color differences. In 
addition to those limitations, the eye does not 
detect differences in hue (red, yellow, green, blue, 
etc.), chroma (saturation) or lightness equally. In 
fact, the average observer will see hue differ- 
ences first, cliroma differences second and light- 
ness differences last Visual acceptability is best 
represented by an ellipsoid (Rgure 13). 

As a resuft, our tolerance for an acceptable color 
match consists of a three-dimensional boundary 
with varying limits for lightness, hue and chroma, 
and must agree with visual assessment CIELAB 
and CIELCH can be used to create those bound- 
aries. Additional tolerancing formulas, known as 
CMC and CIE94, produce ellipsoidal tolerances. 




CIELAB Tolerancing 

When tolerancing with CISLAB. you must choose 
a difference limit tor AL* (liightness). Aa* 
(red/green), and Ab* (yellow/blue). These limits 
create a rectangular tolerance box around the 
standard (Figure 14). { 




Figure 14: CIELAB tolerance box 

I 

When comparing this tolerance box with the visu- 
ally accepted ellipsoid, some problems emerge, A 
box-shaped tolerance around the ellipsoid can 
give good numbers for unacceptable color. If the 
tolerance box is made small enough to fit within 
the ellipsoid, it is possible to get bad numbers for 
visually acceptable color (Figure 15). 



Samples within the box and not in 
Ihe ellipsoid are numerically correct 
but visually unacceptable 



Ah* 




/ 

Samples withtn ' 
the ellipsoid ara 
visually acceptable 



Fig\jre 13: Tolerance ellipsoid 



Figure 15: Numerically correct vs. visually acceptat>le 
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CIELCH Tolerancing 

CIELCH users must choose a difference limit for 
AL* (lightness), AC* (chroma) and AH* (hue). This 
creates a wedge-shaped box around the stan- 
dard. Since CIELCH is a polar-coordinate system, 
the tolerance box can be rotated in orientation to 
the hue angle (Figure 1 6). 



Standard 



a?' 
ID 




Rgure 16: CIELCH tolerance wedge 

When this tolerance is compared with the ellip- 
soid, we can see that it more closely matches 
human perception. This reduces the amount of 
disagreement between the observer and the 
instrumental values (Figure 17), 




CMC Tolerancing ; 

CMC is not a color space but rather A tolerancing 
system. CMC tolerancing Is based on CIELCH 
and provides better agreerpent between visual 
assessment and measured color difference- CMC 
tolerancing was developedj by the Colour 
Measurement Committee of the Society of Dyers 
and Colourists In Great Britain and became public 
domain in 1988. i 

The CMC calculation mathjematically defines an 
ellipsoid around the standard color with semi-axis 
con'esponding to hue, chrqma and lightness. The 
ellipsoid represents the volume of acceptable 
color and automatically varies in size and shape 
depending on the position of the color In color space. 

Figure 1 8 shows the variation of the ellipsoids 
throughout color space. The ellipsoids in the 
orange area of color space are longer and nar- 
rower than the broader and rounder ones in the 
green area. The size and shape of the ellipsoids 
also change as the color varies in chroma and/or 
lightness, \ 

The CMC equation allows jyou to vary the overall 
size of the ellipsoid to better match what is visual- 
ly acceptable. By varying the commercial factor 
(cf), the ellipsoid can be nlade as large or small 
as necessary to match visual assessment. The cf 
value is the tolerance, whifch means that if cf=1 .0. 
then aE CMC less than 1 .6 would pass, but more 
than 1,0 would fail (Rgurejl9). 

Since the eye will general^ accept larger differ- 
ences in lightness (I) than |in chroma (c), a default 
ratio for (J:c) is 2:1 . A2:1 ratio will allow twice as 
much difference in lightness as in chroma. The 
CMC equation allows this [ratio to be adjusted to 
achieve better agreement iwith visual assessment 
(Figure 20). 



Figure 1 7: ClBLCH toferance ellipsoids 



15 
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Yellow 




Blue 



Figure 18: Tolerance &l!fpsofds in color sp&C6 




cf = 0.5 cf = 1 



Figure 19: Commercial ittctor (cf) of tolerances • 
16 ' 
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Vi ual A sessm ntl vs. 
Instrumental 

i 

Though no color tolerancingl system is perfect, 
the CMC and CIE94 equatiojns best represent 
cx3lor differences as our eyes see them. 





% Agreement 


Tolerance Method 


v^ith Visual 


CIELAB 


i 75% 


CIELCH 


! 85% 

1 


CMC or CIE94 


i 95% 



Figure 20: CMC tolerance ellipsoids 

CIE94 Tolerancing 

In 1994 the CIE released a new tolerance method 
called CIE94. Like CMC, the CIE94 tolerancing 
method also produces an ellipsoid. The user hag 
control of the lightness (kL) to chroma (Kc) ratio, 
as well as the commercial factor (cf). These set- 
tings affect the size and shape of the ellipsoid in 
a manner similar to how the l:c and cf settings 
affect CMC. 

However, while CMC is targeted for use in the 
tejrtile industry, CIE94 is targeted for use in the 
paint and coatings industry. You should consider 
the type of surface being measured when choos- 
ing between these two tolerances, if the surface 
is textured or irregular, CMC may be the best fit 
If the surface is smooth and regular, CIE94 may 
be the best choice. 



Choosing the Right Tolerance 

When deciding which color ciifference calculation 
to use. consider the followinb five rules (Billmeyer 
1970 and 1979): i 

1. Select a single method of calculation and use it 
consistently. i 

2. Always specify exactly how the calculations are 
made. | 

3. Never attempt to convert between color differ- 
ences calculated by different equations through 
the use of average factors. 

4. Use calculated color diffeijences only as a first 
approximation in setting tolerances, until they 
can be confirmed by visudt judgments. 

5. Always remember that noLody accepts 

or rejects color because of numbers — it is the 
way it looks that counts. : 
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other 

Color Expressions 



White and Yellow Indices 

Certain industries, such as paint, textiles and 
paper manufacturing, evaluate their materials and 
products based on standards of whiteness. 
Typically, this whiteness index is a preference rat- 
ing for how white a material should appear, be it 
photographic and printing paper or plastics. 

In some instances, a manufacturer may want to 
judge the yellowness or tint of a material. This is 
done to determine how much that object's color 
departs from a preferred white toward a bluish tint 

The effect of whiteness or yellowness can be sig- 
nificant, for example, when printing inks or dyes 
on paper. A blue ink printed on a highly-rated 
white stock will look different than the same ink 
printed on newsprint or another low-rated stock. 

The American Standards Test Methods (ASTM) 
has defined whiteness and yellowness indices. 
The E313 whiteness index is used for measuring 
near-white, opaque materials such as paper, paint 
and plastic. In fact, this index can be used for any 
material whose color appears white. 

The ASTM's E3i3 yellowness index is used to 
determine the degree to which a sample's color 
shifts away from an ideal white. The D1 925 yel- 
lowness index is used for measuring plastics. 




The same blue ink looks HkB a different color when 
printed on paper of various whiteness 
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Applications 



Spectrophotomeiry's applications are seemingly boundless. 
Color-matching measurements are m^de every day by those 
comparing a reproduced object to a reference point. 
Spectrophotometry-assisted color measurement can be use- 
ful in areas such as: ! 

• Corporate logo standardization 

• Color testing of inks 

• Color control of paints i 

• Control of printed colors on packaging material and labels 

I 

• Color control of plastics and textiles! throughout the devel- 
opment and manufacturing process | 

• Rnished products like printed cansjclothing, shoes, 
automobile components, plast'c corriponents of all types 
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Interfacing 

X-Rite Instruments 



X-Rrte spectrophotometers and spectrodenslto- 
meters feature a patented remote control inter- 
face (RCI) that provides versatility in data 
recording. For typical record-keeping and archiv- 
ing, the instruments can transmit data readings to 
an electronic printer for an immediate hard copy 
of measurements. 

Beyond simple record-keeping, X-Rite instru- 
ments can output data to many desktop PCs. QC 
systems and other computers with serial Interface 
capability. The computers can then display data .. 
immediately for on-site evaluation, or store the 
data and use it later to generate statistical 
process control (SPC) charts and reports. 

The X-Rite RCI feature allows you to control 
your instrument with your computer. You can 
program messages and instructions to appear 
on the instrument's display- This makes meas- 
urement-taking easier, more accurate and more 
convenient. 

X-Rite has designed special software packages 
that store, compute and display the color meas- 
urement data from our spectrophotometers. 

QA-Master^ 2000 is a Windows^-based color 
quality assurance software package designed 



for use with X-Rtte's multi-angle, 0/45 and 
sphere spectrophotometersf. The software uti- 
lizes client/server database; technology for data 
storage and is 32-bit Windows NT and SQL 
compliant. 

Powerful, user-friendly softw^are^ QA-Master 2000 
offers flexible data display, \j/hich includes trend* 
ing and charting in a multitude of color space 
options. The software has the ability to analyze 
density data, CMC and CIE94 color differences. 
DIN metamerism and CIE LpaV and L*C*h°. 

QA-Lite<" software Is an explert color-control pro- 
gram that is inexpensive and doesn't require an 
advanced degree to operate. In fact, this 
Windows 95/98/NT-<;ompatible program escorts 
you step by step through basic color checks at 

the click of the "Genie" button on the screen. 

I 

But just because QA-Lrte software is easy to use 
doesn't mean it lacks powei This 32-bit program 
is the world's leading, full-fejatured quality assur- 
ance software package. Wi^h many of the same 
capabilities as the QA-Mast^r 2000 software pro- 
gram, QA-Lite offers advanced functions not 
available with any other software in its price 
range. 
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ColorMail^2^0 is a software package that 
enables you to transfer color data simply and 
quickly. You can transfer data anywhere for access 
by manufacturing locations, customers, distribu- 
tors, field personnel, the home office and more. 

ColorMail 2.0 makes it easy to respond to cus- 
tomer requests quickly and accurately. You can 
review shipment samples before they are sent, 
verify a color, check inventory, quote a price on 
color matcliing or place an order from a remote 
location within seconds, ColorMail 2.0 operates 
within all e-mall and Internet communication sys- 
tems with a simple, drag-and-drop utility. 

Paint-Master^ software is a Windows-based, 
advanced color-matching program that helps you 
eliminate costly trial-and-en-or from your color for- 
mulation process. Paint-Master software also 
helps you reduce wasted materials and dispose! 
headaches. The program allows you .to use sur- 
plus materials in new color batches because it 
provides formulations using available pigments or 
resins. 

The true measures of a cost-efficient software 
solution are its accuracy, information clarity and 
overall ease of use. Paint-Master is a powerful, 
highly accurate formulation tool that presents 
color Information clearly in the format most useful 
to you. What' s more, Paint-Master software is so 
easy to use, you'll put ft to work immediately to 
begin saving formulation time and money. 



Piastic-Mastei^ is a Windows-based formulation 
program designed for use w^th X-Rite color meas- 
urement spectrophotometer^. The flexibility of 
Windows enables you to cu^omize data displays 
with as much or as little information as you 
desire. Many of the features 'parallel those of 
Paint-Master. \ 

Textrle-Wlastei* is a Windovys-based, textile 
color-matching program designed for use with 
X-Rite color measurement spectrophotometers. 
This program addresses the'unique dye formula- 
tion needs of exhaust dyeing, continuous dyeing 
(pad batch) and textile printing processes. The 
flexibility of Windows enableb you to customize 
data displays with as much or as little information 
on the screen as you desire.j 

Ink-Master^ is a Windows-based ink formulation 
system designed for use with X-Rite color meas- 
urement spectrophotometers. This program is a 
comprehensive laboratory package designed for 
the ink manufacturer or printer. It creates and 
controls formulation for all ink technologies, includ- 
ing flexographic, gravure and lithographic inks. 
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Glossary 



absolute white - tn theory, a material that p>erfectly 
reflects all light energy at every visible wavelength. In 
practice, a solid white with known spectral reflectance 
data that is used as the "reference white" for all meas- 
urements of absolute reflectance. When calibrating a 
spectrophotometer, often a white ceramic plaque is 
measured and used as the absolute whfte reference. 

ab9orbyabsof ption - Dissipation of the energy of elec- 
tromagnetic waves into other forms (e.g.. heat) as a 
result of its Interaction witfi matter; a decrease in direc- 
tional transmittance of Incident radiation, resulting In a 
modification or conversion o< the absorbed energy. 

achromatic color - A neutral color that has no hue 
(white, gray or black). 

additive prindaries - Bed, green and blue light. When 
all three additive primaries are oomblned at 100% 
intensity, white light is produced. When these three are 
combined at varying intensiu'es, a gamut of different 
colors is produced. Combining two primaries at 1D0% 
produces a subtractivB primary, either cyan, magenta 
or yellow: 

100% red + 100% green = yellow 
100% red + 100% blue = magenta 
100% green + 100% blue = cyan 

See subtractivB prirnaries 

appearance — An objecfs or material's manifestation 
through visual attributes such as size, shape, color, 
texture, glossiness, transparency, opacity, etc, 

artificial daylight - Term loosely applied to light 
sources, frequently equipped with filters, that try to 
reproduce the color and spectral distribution of daylight. 
A more specific definition of the light source is pre- 
ferred. 

attribute - Distinguishing characteristic of a sensation, 
perception or mode of cippearance. Colors are often 
described by their attributes of hue, chroma (or satura- 
tion) and lightness, 

black - In theory, the complete absorption of incident 
light; the absence of any reflection. In practice, any 
color that is close to this Ideal in a relative viewing situ- 
ation — i.e.. a color of very low saturation and very low 
lumir\ance. 

brightness — The dimension of color that refers to an 
achromatic scale, ranging from black to white. Also 
called lightness, lumEnous reflectance or transmittance 
(q.v.). Because of confusion with saturation, the use of 
this term should be discouraged. 

c* - Abbreviation for chromatlclty. 



chroma/chromaticKy - The Intensity or saturation 
level of a particular hue, defined as the distance of 
departure of a chromatic color from the neutral (gray) 
color with the same value. In ah additive color-mixing 
en\nronment, imagine mixing a] neutral gray and a vivid 
red with the same value. Startihg with the neutral gray, 
add small amounts of red until iihe vivid red color is 
achieved. The resulting scale obtained would represent 
increasing chroma. The scale begins al zero for neutral 
colors, but has no arbitrary end. Munsell originally 
established 10 as the highest chroma for a vermilion 
pigment and related other pignienis to it. Other pig- 
ments with higher chroma were noted, but the original 
scale remained. The chroma scale for norm^ reflecting 
materials may extend as high as 20, and for fluores- 
cent materials it may be as higp as 30. 

chromatic - Perceived as having a hue — not white, 
gray or black. j 

chromaticrty coordinates (CIE) - The ratios of each 
of the three tristimulus values X, Y and Z in relation to 
the sum of the three — designated as x. y and z 
respectively. They are sometinies refen^d to as the 
trichromatic coefficients, Wheri written without sub- 
scripts, they are assumed to have been calculated for 
illuminant C and the (1 931 ) jstandard observer 
unless specified otherwise. If they have been obtained 
for other illuminants or observers, a subscript describ- 
ing the observer or illuminant should be used. For 
example, x10 and y10 are chromaticity coordinates for 
the 10' obsen/er and illuminarrt C. 

chromaticity diagram (CIE) -j- A two-dimensional 
graph of the chromatici^ cooridinates (x as the abscis- 
sa and y as the ordinate), whijch shows the spectrum 
locus (chromaticity coordinates of monochromatic 
light, 380-770nm). It has many useful properties for 
comparing colors of both lumfnous and non-luminous 
materials. ^ 

ClE (Commission Intern ation ale de VEclairage) - The 
International Commission on Illumination, the primary 
international organization concerned with color and 
color measurement 

CIE 1976 L*a^b* color spscei- A uniform color space 
utilizing an Adams-Nickerson cube root formula, adopt- 
ed l)y the CIE in 1 976 for use in the measurement of 
small color differences. i 

CIE 1976 L*g*v* color spacej- A uniform color space 
adopted in 1 976. Appropriate for us in additive mixing 
of light (e.g., color TV). 

CIE chronnaticlty co rdlnates - S e chromatidty 
coordinates (CfE), ] 
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CJE chromaticity diagram - See chromaifcfty diagram 
(CJE). 

CIE daylight illuminants - See dsyiight fttuminants (CIE). 

C\E luminosity function (y) - See lumfnosity function 
(CIE). 

CIE standard Hluminants - See standard iHuminants 
(CIE). 

C\B standard observer - See standard observer (CIE), 

CIE tristlmulus values - See tr'tsiimulus v^ues (CIE). 

C1ELAB (or CIE L*a*b*, CIE Lab) - Color space in 
which values L*, a* and b* are plotted using Cartesian 
coordinate system. Equal distances in the space 
approximately represent equal color differences. Value 
L* represents lightness; value a* represents the 
red/green axis; and value represents the yellow/blue 
axis. CIELAB is a popular color space for use in meas- . 
uring reflective and transmissive objects. 

CMC (Colour Measurement Committee of the 
Society of Dyes and Colourlsts of Great Britain) - 

Organization that developed and published in 19S6 a 
more logical, ellrpse-based equation based on L*C*h' 
color space for computing DE (see delta E*) values as 
an alternative to the rectangular coordinates of the 
CIELAB color space. 

color - One aspect of appeEarance; a stimulus based on 
wsual response to light, consisting of the three dlmen- 
sior^ of hue, saturation and lightness. 

color attribute - A three^mensional characteristic of 
the appearance of an object One dimension usually 
defines the lightness, the other two together define the 
chromatid ty. 

color difference - The magnitude and character of the 
dffference between two colors under specified conditions, 

color-matching functions " Relative amounts of three 
additive primaries required to match each wavelength 
of light. The term is generally used to refer to the CIE 
standard observer color-matching functions, 

color measurement - Physical measurement of light 
radiated, transmitted or reflected by a specimen under 
specified condition and mathematically transformed into 
standardized colorimetric terms. These terms can be 
correlated with visual evaluations of colors relative to 
one another. 

color model - A color-moasurement scale or system 
ttiat numerically specifies the perceived attributes of 
color. Used in computer graphics applications and by 
color measurement instrumems. 

color order systems - Systems used to describe an 
orderly three'dimensional arrang ment of colors. 
Three bases can be used for ordering colors: 1) an 
appearance basis (i.e., a psychological basis) in tem^ of 
hue, saturation and tightness; an example is the Munsell 
System; 2) an onjgrly additive color mixture basis (i.e., a 



psychophysical basis}; examples are the CIE System 
and the Ostwald System; and |3) an orderly subtractive 
color mixture basis; an example is the Plochere Color 
System based on an orderiy mixture of inks. 

i 

color space - Three-dimensional solid enclosing all 
possible colors. The dimensions may be described in 
various geometries, giving rise to various spadngs 
within the solid. ! 

color specification - Trtstimijius values, chromaticity 
coordinates and luminance value, or other color-scale 
values, used to designate a color numerically in a 
specified color system. | 

color temperature - A measiirement of the color of 
light radiated by a black body jwhlle it is being heated. 
This measurement is expressed in temis of absolute 
scale, or degrees Kelvin, Lower Kelvin temperatures 
such as 2400K are red; higher temperatures such as 
9300K are blue. fJeutral temperature is white, at 6504K. 

color wfieel - The visible spectrum's continuum of col- 
ors an^anged in a circle, where complementary colors 
such as red and green are located directly across from 
each other. ! 

colorants - Materials used td create colors — dyes, 
pigments, toners, waxes, phosphors. 

colorimeter - An optical measurement instrument that 
responds to color in a manner similar to the human eye 
— by filtering reflected ligfit into its dominant regions of 
red, green and blue. j 

colorimetric - Of, gr relating [to, values giving the 
amounts of three colored lights or receptors — red, 
green and btue- 

I 

colorist - A person skilled in the art of color matching 
(colorant formulation) and knc^wledgeable concerning 
the behavior of colorants in a particular material; a tin- 
ier (q.v.) (in the American usage) or a shader. The word 
"colorrst" is of EunDpean origin . 

complements - Two colors tliat create neutral gray 
when combined. On a color wheel, complements are 
directly opposite from each other blue/yellow, 
red/green arrd so on. 

contra^ - The level of variatibn between light and 
dark areas in an image. ! 

D65 - The 01 E starvdard llluminant that represents a 
color temperature of 6504K. This is the color tempera- 
ture most widely used in graphic arts industry viewing 
booths. See Kelvin (K). 

I 

daylight illuminants (CIE) - Series of illuminant spec- 
tral power distribution curves based on measurements 
of natural daylight and recommended by the CIE in 
1965. Values are defined for the wavelength region 300 
to 830nm. Tliey are described in terms of the correlat- 
ed color temperature. Th most important is 065 
because of the closeness of itb correlated color tem- 
perature to that of illuminant C, 6774K. D75 bluer than 
D65 and D55 yellower than D65 are also used. 
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d Ka (D or A) - A symbol used to indicate deviation 
r difference. 

detta E*, delta e* - The total color difference computed 
with a color difference equation (AE^t, or A £5,^5). In 
color tolerancing. tlie symbol DE is often used to 
express Delta Error 

dye - A soluble colorant — as opposed to pigment, 
vviiich is insoluble- 
dynamic range - An instrument's range of measurable 
values, from the lowest amount it can detect to the 
highest amount it can handle. 

electromagnetic spectrum - The massive band of 
electromagnetic waves that pass tfirough the air in dif- 
ferent sizes, as measured by wavelength. Different 
wavelengths have different properties, but most eire 
invisible — and some completely undetectable — to 
human beings. Only wavelengths that are between 3B0 
and 720 nanometers are visible, producing light. Waves 
outside the visible spectrum include gamma ray$, 
x-rays, microwaves and radio waves. 

emissive object - An object that emits light. Emission 
is usually caused by a chemical reaction, such as the 
burning gasses of the sun or the healed filament of a 
light bulb. 

fluorescent lamp - A glass tube filled with mercury 
gas and coated on its inner surface with phosphors. 
When the gas is charged with an electrical current, 
radiation is produced. This, in turn, energizes the phos- 
phors, Causing them to glow. 

gloss — An additional parameter to consider when . 
determining a color standard, along with hue, value, 
chroma, the texture of a material and whether the 
matenal has metallic or pearlescent qualities. Gloss is 
an additional tolerance that may be specified in the 
Munsell Color Tolerance Set The general rule for eval- 
uating the gloss of a color sample Is the higher the 
gloss unit, the darker the color sample will appear. 
Conversely, the lower the gloss unit, the lighter a sam- 
ple will appear. 

Gloss is measured in gloss unlt$, which use the angle 
of measurement and the gross value (e.g. 60' gloss 
29.8). A 60* geometry is recommended by the 
American Society for Testing and Materials (ASTM) 
D523 standard for the general evaluation of gloss. 

grayscale- An achromatic scale ranging from black 
through a series of successively fighter grays to white. 
Such a series may be made up of steps that appear to 
be equally distarrt from one another (such as the 
Munsell Value Scale), or it may be arranged aooording 
to some other criteria such as a geometric progression 
based on lightness. Such scales may be used to 
describe the relative amount of difference between two 
similar colors. 

hue - 1) The first element in the color-order 
syst m, defined as the attribute by which w distin- 
guish red from green, blue from yellow, etc. Munsell 
d fined five principal hues (red, yellow, gre n. blu and 
purple) and five (ntemiediate hues (yellow-red, green- 



yellow, blu -green, purpie-blup and red-purple. These 
10 hues (represented by ih iri con-esponding initials R, 
YR. Y QY, G. BG. B. PB. P and RP) are equally 
spaced around a drde divided into 100 equal visual 
steps, with the zero point located at the beginning of 
the red sector. Adjacent colors in this circle may b© 
mixed to obtain continuous variation from one hue to 
another. Colors defined arourjd the hue circle are 
known as chromatic colors. 2) The attribute of color by 
means of which a color is perteived to be red, yellow, 
green, blue, purple, etc. White, black and gray possess 
no hue. : 

niuminant - Mathematical ddscriptlon of the relative 
spectraJ power distribution of a real or imaginary light 
source — i.e., the relative energy emitted by a source 
at each wavelength in its emission spectrum. Often 
used synonymously with light source" or "lamp," 
though such usage is not recommended. 

([iLiminant A (CIE) - Incandescent illumination, yellow- 
orange in color, with a con-elated color temperature of 
2856K. It is defined In the wavelength range of 380 to 
770nm. 

illumlnant C (CIE) » Tungsten illumination that simu- 
lates average dayltight. bluish; in color, with a correlated 
color temerature of 6774K. 

illumlnants D (CIE) - Daylight illuminants, defined 
from 300 to B30nm (the UV portion 300 to 3S0nrn 
being necessary to correctly describe colors that con- 
tain fluorescent dyes or pigments). They are designat- 
ed as D, with a subscript to describe the conflated 
color temperature; D65 is the ;most commonly used, 
having a correlated color temperature of 6504K, dose 
to that of illumlnant C. They are based on actual meas- 
urements of the spectral distribution of daylight 

Integrating sphere — A sphere manufactured or coated 
with a highly reflective maferialilhat diffuses light within it. 

Kelvin (K) - Unit of measurement for color tempera- 
ture. The Kelvin scale starts from absolute zero, which 
is -273' Celsius. 

light - 1) Electromagnetic radiation of which a human 
ot>server is aware through the; visual sensations that 
arise from the stimulation of tfie retina of the eye. This 
portion of the spectrum Includes wavelengths from 
about 380 to 770nm. TTius, toispeak of ultraviolet light 
Is incorrect because the human observer cannot see 
radiant energy in the ultraviolet region. 2) Adjectjv^ 
meaning high reflectance, trarismlttance or level of illu- 
mination as contrasted to dark, or low level of intensity. 

light source - An object that emits light or radiant 
energy to which the human eye is sensitive. The emis- 
sion of a light source can be descrit>ed by the relative 
amount of energy emitted at eiach wavelength in the 
visible spectrum, thus defining the source as an illuml- 
nant. The emission also may be described in terms of 
its correlated color temperatui^- 

lightness - P rception by which white objects are dis- 
tinguished from gray, and light-colored objects from 
dark-color d. 



24 

PAGE52/70*RCVDAT12I22 /2D03 2:37:05 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/3 ' DNIS:8729306 ' CSID:16174510097 ' DURATION (mm-ss):20-26 



12/22/2000 14:47 FAZ 16174510097 



WSGL 



[g]053 



(umino$1|y function (y) (CIE) - A plot of the relative 
magnilud of th visual response as a function of 
w^avelength from about 3S0 to 780nm, adopted by CIE 
In 1924. 

metamerism - A phenomenon exhibited by a pair of 
colors that match under on© or more sets of illumlnants 
(t)e they real or calculatedj, but not under all illumlnants. 

Munsell Color System «Thp color identification of a 
specimen by ltd Munsell hue, value and chroma as 
visually estimated by comparison with the f^unsell 
Book of Color. 

nanometer (nm) - Unil of length equal to 1 0-9 meter 
|a.k.a. one billionth of a meter, or a milli-micron). 

observer —The human viewer who receives a stimulus 
and experiences a sensation from it In vision, the stimu- 
lus is a visual one and the sensation Is an appearance. 

observer, standard - See standard observer. 

radiant energy - A form of energy consisting of the 
electromagnetic spectrum, which travels al 299,792 kilo- 
meters/second (186,206 miles/second) through a vacu- 
um, and more slowly in denser media (air, water, glass, 
etc.). The nature of radiant enetgy is descriljed by its 
wavelength or frequency, although it also behaves as 
distinct quanta ("corpuscular theory"). The various types 
of energy may be transformed Into other forms of ener- 
gy (electrical, chemical, mechanical, atomic, thermal, 
radiant), but the energy itself cannot be destroyed. 

reflectance - The ratio of the inter\sity of reflected 
radiant flux to that of incident flux. In popular usage, it 
is considered the ratio of the intensity of reflected radi- 
ant energy to that reflected from a defined reference 
standard. 

reflectance, specular - See specular reflectance. 

reflectance, total ~ See totsi reflectance. 

saturation - The attribute of color perception that 
expresses the amount of departure from a gray of the 
same lightness. All grays have zero saturation (ASTM). 
See chtoma/chtomsticity. 

scattering - Diffusion or redirection of radiant energy 
encountering particles of different refractive index. 
Scattering occurs at any such interfaoep at the surface* 
or inside a medium containing particles, 

spectral power distribution curve - Intensity of radi- 
ant energy as a function of wavelength, generally given 
in relative power temrte. 

spectrophotometer - Photometric device that meas- 
ures spectral transmittanoe, spectral reflectance or rel- 
ative spectral emKtance. 

spectrophotometric curve - A curve measured on a 
spectrophotometer: a graph with relative reflectance or 
transmitiance (or at>sorption] as the ordinate, plotted 
with wavelength or frequency as the abscissa. 



spectrum — Spatial arrangement of components of 
radiant energy in order of their wavelengths, wave 
number or frequency. 

specular glo$$ - Relative luminbus fractional reflectance 
from a surface in the mirror or sp>ecular direction. It is 
sometimes measured at 60" relative to a perfect mirror. 

specular reflectance - Refteclknce of a beam of radi- 
ant energy at an angle equal bi!it opposite to the inci- 
dent angle; the mirror-like reflectance. The magnitude 
of the specular reflectance on glossy materials 
depends on the angle and the difference in refractive 
indices between two media at a surface. The magni- 
tude may be calculated from Fiiesnel's Law. 

specular reflectance excluded (SCE) — Measurement 
of reflectance made in such a vvay that the specular 
retlectance is excluded from th^ measurement; diffuse 
reflectance. The exclusion may be accomplished by 
using 0" (perpendicular) incider^ce on the samples. This 
then reflects the specular component of the reflectance 
back into the instrument by usej of black absorbers or 
light traps at the specular angle| when the incident angle 
is not perpendicular, or in directional measurements by 
measuring at an angle ditferentifrom the specular angle. 

specular reflectance included (SCI) - Measurement 
of the total reflectance from a surface, including the dif- 
fuse and specular reflectances. 

standard - A reference against which instrumental 
measurements are made. 

standard illuminants (CIE) - Known spectral data 
established by the CIE for four: different types of light 
sources. When using tristimuiujs data to describe a 
color, the illuminarrt must also be defined- These $tan- 
dard illuminants are used in place of actual measure- 
ments of the light source. 

standard observer (CIE) 1) 'A hypothetical observer 
having the tristimulus color-mbtture data recommended 
in 1931 by the CIE for a 2' vieiJving angle- A supple- 
mentary observer for a larger angle of 1 0' was adopted 
in 1 964. 2) The spectral response characteristics of the 
average observer defined by tljie CIE. Two such sets of 
data are defined, the 1931 dat^ for the 2" visual field 
(distance viewing) and the 1 964 data for the annular 
10' visual field (approximately iarm's length viewing). 
By custom, the assumption is rnade that if the observer 
is not specified, the tristimulus : data has been calculat- 
ed for the 1931, or 2" field obsierver. The use of the 
19&4- data should be specified. 

subtractive primaries - Cyan, magenta and yellow. 
Theoretically, when all three silibtractive primaries are 
combined at 100% on white paper, black is produced. 
When these are combined at varying intensities, a 
gamut of different colors is prdduced. Combining two 
primaries at 100% produces ah additive primary, either 
red, gr en or blue: : 

100% cyan + 100% magenta = blue 
1 00% cyan + 1 00% yellow = green 
100% magenta + lop% yellow = red 
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tint - 1) vert):To mix white pigment with absorbing 
(generally chromatic) colorants. 2) noun: JhB color pro- 
duced t>y mixing white pigment with absorbing (gener- 
ally chromat'c) colorants. Th© resulting mixture is 
fjghter and less saturated than the color without the 
white added. 

total reflectance - Reflectance of radiant flux reflected 
at alt angles from ttie surface, thus including both dif- 
fuse and specular reflectances* 

transparent - Describes a material that transmits light 
without diffusion or scattering. 

tristimulus — Of, or consistrng of, three stimuli: gener- 
ally used to describe components of additive mixture 
required to evoke a particular color sensation. 

tristimulus colorimeter - An instrunfient that meas- 
ures trIstimLjIus values and converts them to chromatic- 
ity components of color. 

tristimutus values (CIE) - Percentages of the compo" 
nents in a three-color additive mixture necessary to 
match a color; in the CIE system, they are designated as 
)C, Y and Z. The iHuminant and standard obsen/'er color- 
maiching functions used must be designated; if they are 
not, the assumption Is made that the values are for the 
1931 observer (2' field) and illuminant O, The values 
obtained depend on the method of integration used, the 
relationship of the nature of the sample ar>d the instru- 
ment design used to measure the reflectance or trans- 
m'rttance. Tristimulus values are not therefore, absolute 
values characteristic of a sample, but relative values 
dependent on the method used to obtain them. 



Approximations of CIE tristimulps values may be 
obtained from measurements rjiad on a tristimulus col- 
orimeter that gives measurements generally normalized 
to 100- These musl then be normafized to equivalent 
CIE values. The filter measurements should be properly 
designated as R, G and e instead of X, Y and Z. 

value - Indicates the degree Qt lightness or darkness 
of a color in relation to a neutral gray scale. The scale 
of value (or V, In the Munsell system of color notation) 
ranges from 0 for pure black to 10 for pure white. The 
vaJue scale ig neutral or without hue. 

X - 1 ) One of the three CIE tristimulus values; the red 
primary, 2) Spectral color-matching functions of the CIE 
standard obsen/er used for carbuiatlng the X tristimulus 
value, 3) One of the CIE chronjiatidty coordinates cal- 
culated as th© fraction of the sum of the three tristimu- 
lus values attrlbutabJe to the xivalue. 

Y - 1 ) One of the three CIE tristimulus values, equal to 
the luminous reflectance or transmittance; the green 
primary. 2) Spectral color- matching function of the CIE 
standard observer used for calculating Y tristimulus 
value. 3) One of the CIE chrornatioity coordinates cal- 
culated as the fraction of the stim of the three tristimu- 
lus values, attributabie to the Y value. 

Z - 1) One of the three CIE tristimulus values; the blue 
primary. 2) Spectral color- matching function of the CIE 
standard obsen/er used for calculating the Z tristimulus 
value. 3) One of the CIE chromaticity coordinates cal- 
culated as the fraction of the stiim of the three tristimu- 
lus values atUlbutable lo the 2 primary. 




I 

Related Internet Sites \ 

American National StandanJs Institute (ANSI), USA www.ansi.org 

American Society for Quality Control www.asqc.org 

Association of Professionaf Color Imagers pmai.oifg/pmai/sections/apcl.htm 

ASTM Technical Standards for Industry Woridwide www.astm.org 

Color & Appearance Division (Society of Plastics Engineers) . . specad:org 

International Color Consortium www.color.org 

International Commission on Illumination (CIE), Japan www.dexo.at/cie 

International Society for Optical Engineering (SPIE) spie.org 

Inter-Society Color Council www.lscc.org 

ISO Homepage (International Standards Organi2ation) www.jso.ch 

National Coil Coaters Association ooifcoaters.org 

National Institute of Standards and Technology www.nistgov 

Society of Dyers and Colourists of Great Britain www.sdcorg.uk 

The Optical Society of Am rica's OptlcsN t, USA www.osa.org 

www.x-rite.com 
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X-Rite Quality 
at Every Step 



From incoming raw materials to outgoing finished 
product, X-Rite insists on quality. We submit each 
instrument we manufacture to rigorous testing 
and inspection to ensure proper operation. Take a 
look at how we do it; 



ZBro-defect requires extensivB testing. 
Computers verify that all ^aJog and digital 
componer)ts and optics assemblies are 
functioning properly. Bvery digital 
memory ioc^iion is exercised 
to prevent hidd&n 
problems. 





Reliable components meari teiiabie products. Each 
PC board is temperature-cycled for 100 hours before 
it goes into an instrument. 




The final mark of quality Each instrument Is tiurned 
in*'ior 24 hours and must rrieet ail pubiished 
specifications before X-Blte^ships it. 
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X-Rite/m 

www.x-rlte«com 



X-Rit9, Incorpontod - World He^idquarters 

3100 44th SlTde!, S-W. < G^Bnt^vtlI^ Michigan 4841 fl USA « (616) 534-7963 • (888) B26-3059 • FVW (616) 534-6960 '* 
X-Rlle LkL 

The Acumen ConrrG • Plrei Avwiua • Poynlort. Cheshire • United Kingdom &KU 1RJ - 44 (0) 1625 871 100 • R\X 44 (□) 1©25 071444 
x-mbj MffdItefKincc 

Pare du Moulin d9 Maasjr - 35, tu9 du Sauie TVgpu • gi 300 Missy • Franc© - 33 l»63.53.6BJao • fax aa 1 -69^.00.52 
X-mce Asia Pacme Ud. , 
neom 80B-1O - Kbrnhiil Metro Tower* 1 Kornhin Road • Ouarry Bay . Hong Kbi)^ - (952) 2^66-6283 - FAX (652) fi-BB5-BBlO i 
X-RI19 Aflla Pacific Ltd. - Jajran Office 

7F. IMA© Hamamalsu-dio BklQ. • M0-*. Hamarnateu-cha Minato-ku * T£>lcyo. 105-0013 Japan • 81-3-8777.5488 • FAX 81-3-5777-5489 
X*Rite QmbH 

Stoltwercksv. 32 • 51 1 49 Koln * Gi^miany * (49) 2203-61 450 - FAX (49) 2203-9 1 451 9 [ 
X-Rlte GmbH • Czech Officv ; 
Sochorova 705 • CZ-5B2 1 1 Vyskov - Occh Republic - (420) SD7-32ai97 ♦ FAX (4Z0) 507-3291 38 
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